Experimental results on the influence of angle and cell geometry on pulse height measurements in a multiwire proportional chamber (MWPC) are presented. Two track orientations are mainly considered: (a) tracks parallel to the wire plane and (b) tracks traversing the gap with one wire touched. In case (a), the positive induced pulse effect is analyzed: pulse heights have to be corrected by factors of 1.3-1.7 and wire inefficiency can be found up to 20%, depending on the cell geometry. The saturation effect starts earlier in case (a), but the influence of the angle between track and wire when approaching 90 ° is moderate. On the contrary, this influence is very effective in case (b). A detailed study of this phenomenon is then presented with a description of possible mechanisms involved.
I. Introduction
The energy lost by a particle in a MWPC gapis related to the measured pulse height by a wellknown multiplication factor, the gas amplification.
In detection systems only devoted to localization of a particle trajectory, a well controlled proportionality between these two quantities is not essential, but is required for the devices designed to measure the energy loss.
Therefore, in the following, we will make a distinction between the energy loss spectrum (ELS) and the measured pulse height spectrum (PHS). It is worthwhile, then, to look at the mechanisms of gas multiplication in order to know how two essential properties of the ELS -proportionality and isotropy-might be affected.
We have focused this study mainly on the influence of the track orientation ( fig. 1 ), since nowadays, detection systems must handle long, mostly curved particle trajectories in large solid angles.
Some new geometries, under development, such as the jet chamberl), the time projection chamber2), imply track orientation mostly parallel to the sense wire plane which deserves to be compared * University of Grenoble, Grenoble, France.
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[~ig. 1, Angles defining the orientation of a track. to the more classical orientation where particles cross the gaps ( fig. 2 ).
Pulse generation

PHYSICAL PHENOMENA AND PARAMETERS
Since we have to deal essentially with pulse height, let us first recall 3) the sequence of phenomena involved in the pulse generation ( fig. 3 ). They are: a) Production of primary pairs in a wire cell. b) Secondary multiplication, generating charges (+ and -) Q0 per pair. c) Collection of -Qo, determined by the electron drift velocity v . d) Single avalanche process, determined by the gas composition and E 0 field at the wire surface; generates charges (+ and -) Q. e) Motion of +Q, determined by the ion drift velocity; induces signals of opposite polarities on the wire and the neighbouring conductors. For a given cell geometry and gas mixture, three external parameters have to be considered: -the applied voltage, V, -the track orientation (~z,// of fig. 2 ), -the time response of the input circuit and its associated electronics. These parameters act on the following features: a) V determines the amount of charges Q.
b) The number of wire cells traversed in a gap is fixed by the angle B. c) The length of the wire on which the avalanches are collected depends on the angle c~ at a given B. d) The electronic time response influences the pulse shape.
PROPORTIONAL REGIME AND POSSIBLE DISTURBANCES
Measurements are done at the so-called proportional regime when pulse heights (PH) satisfy the equation
where ZQo is the total primary charge deposited in the wire cell, M is the gas amplification defined at the level of a single avalanche process, following ref. 3 ,
f(Eo) accounts for the gas mixture and the cell geometry. This process occurs in a well defined space and time range. It develops in the vicinity of the wire (20-100/lm) and lasts approximately 1-2 ns ~.
On the other hand, the summation XQo is done over time and space ranges, which are essentially variable and can be large with respect to those involved in a single avalanche process. Therefore, one will find a set of values for the external parameters where eqs. (1) and/or (2) are not fulfilled. For example : a) Eq. (1), in case of superposition at a same wire of negative and positive induced pulses, that depends on the sharing of ZQ o between several wire cells. This is a pure geometrical effect independent of gas amplification. b) Eq. (2), in case of an effect of high voltage combined 4) or not with orientation, since the physical phenomena may overlap differently in space and time according to the primary deposition geometry. That will be referred to as the saturation effect. It is clear that the relative value of the electronic time response, with respect to the durations involved in the physical phenomena, will influence the pulse shape not only on negative signals, but also on the superposition of positive induced signalsS). For example, the relation (1) is valid only for charge measurements, when an expression written for voltage measurements would include some electric parameters.
Remarks on the measurements
The results were obtained with a beam of n , at 1.4GeV/c momentum. An external set of MWPC allowed an angular definition of their trajectory with an accuracy of _+0.2 ° .
The charge sensitive electronics 6) holds the signal levels over a long time compared to the physical duration with a linear dynamical range of +3 pC to -16 pC. The spectra, measured at different cell geometries and various orientations, were recorded on one wire at a fixed place in the chamber. The gap width can be varied.
The chamber construction provides an overall homogeneity in amplification of _+5%, electronics included. The gas mixture is composed of argon/isobutan/methylal 55/38/7% by volume. The
The electrical field near the wire decreases like Eoro/r, where r o is the wire radius and ~ = 20 ns/mm 3). 
Saturation effect
In order to disentangle the respective contributions of high voltage and summation process _rQ0 in the saturation effect, we will consider the influence of the orientation according to the criteria: -overlap of avalanches in time, -overlap of avalanches in space.
This leads to the four-geometrical situation, to ~hich we add 5.9 keV photons, listed in table 1. such a shape measured on 470,(-2. The time decay is related s) to the ion drift velocity and the input circuit RC. This pulse shape is also observed with a 5.9 keV photon where all the primary charge is created at a well localized spot in the cell (100-200/zm).
No ovedap in time: B=90 °
A large range of collection times is now necessary in order that each primary reaches the wire ( fig. 4b ). The pulse is generated by a succession of avalanches, delayed in time, up to the maximum collection time L/v.
A long pulse is observed, as shown in fig. 5b . The largest local fluctuations in primary energy losses are clearly separated. Such a structure can be observed 7) on collection times up to 4~s -L=20cm.
Overlap in space
In the two preceding cases, the whole avalanche process may be spread along the wire according to the ~z value. When ~z equals 15 °, the distance between each avalanche is, on the average, ~ 80/~m In order to illustrate this point (c), we have plotted in fig. 7 the variation of a "saturation factor" PH (~ = 15 °) P--H--~(a=~ v versus PH (a= 15°), in both cases fl=0 ° and /3=90 ° .
This factor increases most rapidly with the measured charge, when space overlap occurs without time overlap.
INTERPRETATION OF THE RESULTS
A tentative explanation might be the following:
4.3.1. /3= 90 ° and ~z=0 ° The avalanches are produced successively each 7 ns, on the average, during the maximum collection time, which is, say, 100-300 ns. Each positive charge Q moves slowly, compared to the primaries: its initial velocity 8) is of the order of few hundred ns/mm and decreases with the square root of the field. One can calculate that the positive charge created by the first avalanche has moved from the wire by only ~70~m after 100 ns. Therefore, as ~ equals 0 °, the collection of nearly all the primaries and the complete development of their avalanches occur in a region of even higher positive charge density, that is, where the field is reduced.
Other orientations
On the contrary, in the three other cases the situation, where primaries are collected in the middle of a positive cloud, is never realised: one has either a simultaneous collection (/3 = 0 °, ~z = 0 ° and 15 ° ) or delayed in time, but spread along the wire (/3=90 °, ~z= 15°). Therefore, the modification brought by the positive charges, influences only the end of its own avalanche development. The importance of this effect may depend on the total charge present at the same time (curves 2 and 4) or on the charge density (curves 4 and 5). Results are shown in fig. 9 . The saturation starts to be effective from ~z~ 20 ° and reaches its maximum intensity at ~z= 0 ° ( fig. 10) . A 15-20% effect is still observed at an amplification of 5x 103 and 10 mm track length. Nevertheless, the amplification cannot be set at a too low level because the detection of energy losses, as small as possible, is equally wanted in a celP°): they originate from pieces of inclined tracks or/and from the low energy part of the ELS, representing at minimum one tenth of the mean energy lost through the full gap. This fraction, compared to the equivalent noise level, will mostly determine the amplification. Fig. 11 shows that the energy resolution may depend on the amplification.
PROPORTIONAL REGIME
The measurements were performed at /3= 90% On the other hand, the same result was found from an ELS simulated by Monte Carlo method~l): that is shown in fig. 13 , which compares a measured to a simulated spectrum at equivalent conditions.
Influence of the positive induced pulses
Now let us come to this purely geometrical effect, which ought to occur each time a track crosses more than one wire cell.
The results are relative to the trajectories, fl = 0% ~z= 15 °, situation where all motions of negative and positive charges are synchroneous.
Measurements originate from ten adjacent wires, each of them providing a "one cell spectrum". Another spectrum, called X spectrum, is obtained by doing, on each event, the sum of the ten pulse heights divided by ten.
TYPICAL RESULTS
They correspond to the cell geometry L= 12ram, s=4mm, ~=20#m,
-a one-cell spectrum has a truncated shape ( fig. 14a ), -this truncation implies an inefficiency per wire, equal in this case to ~20%, -this inefficiency is found approximatively unchanged for amplification up to 3 x 105, -the Z" spectrum is not truncated (fig. 14b) In the calculation of the mean of the one cell spectrum, the loss in area due to the truncation has less influence than the loss in number of events due to the 20% inefficiency; this provides a too small divisor and explains why (PH(1)) > (PH(X)) since the X spectrum is not truncated and the efficiency is ~ 100%.
The factors by which one has to correct the means of these PHS, in order to find again the mean of the corresponding ELS are
respectively equal to 1.43 and 1.77. Fig. 15 shows that such a factor acts correctly at different gas amplifications.
SIMULATION OF POSITIVE INDUCED PULSES
The influence of the positive induced pulses was simulated by a Monte Carlo program, according to the following steps: a) A sample of n energy losses (al, ai, a,) is randomly drawn from the ELS, which corresponds to the track length s: this simulates a track which crosses the cells 1 to n at /3 = 0 °. b) Assuming that the pulse height at a given cell i is given by
the Monte Carlo program generates all the one cell spectra and the Z" spectrum. and respectively +kl at, +k2 at on the first, second ... adjacent wires, symmetrically to the wire i. These coefficients have been measured, following this definition, for different cell geometries at fl = 90 ° (table 3) .
Results
-The measured shapes and inefficiency are correctly reproduced as shown in figs. 14a, b. -The complete shape of such a PHS can be'observed experimentally by polarizing conveniently the dc input level of the electronics. Fig. 17 shows the comparison between measurement and simulation.
CELL GEOMETRY INFLUENCE
We have repeated measurements and simulations for different cell geometries. Tables 3 and 4 summarize the results.
In order to minimize the induction effect, results of table 4 indicate that one has to keep the ratio L/s as small as possible. A larger s minimizes the inefficiency owing to a better energy resolution.
Conclusions
These results allow us to draw some conclusions about the influence of the track orientation on the energy loss measurements in MWPC:
1) In case of tracks traversing MWPC gaps (8 ~ 90°), the determination of the angle ~ is always required with an accuracy of few degrees even in devices mainly devoted to dE/dx measurements. In fact, it has been found that at amplification of the order of 5 × 103 to 2 × 10 4, the saturation effect may reduce the pulse height by 20 to 60% when varies from 20 ° to 0 °-track orthogonal to the wire. 2) In case of tracks parallel to the wire plane (8=0°), the saturation effect due to ~ is much less important, although the saturated regime begins at a lower pulse height (0.4 pC) than in the preceding case (1-2 pC). 3) A model which considers the time sequence of the avalanches together with the positive charge density was proposed to describe the observed phenomena: it will be developed quantitatively in the future. 4) When a track crosses many cells in one gap, the correction factor for induced positive pulses effect can also be important: it depends only on the cell geometry. For L/s going from 1.25 to 3, the factor increases from 1.3 to 1.7. An inefficiency per wire is also observed and can reach 20%. 5) In a jet chamber geometry, where the tracks always cross many adjacent cells (,8 = 0-10°), one should only consider the relative variation of these factors due to the changes in the cell geometries along a sector.
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